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INTRODUCTION
The decrease in reproductive efficiency with increasing maternal age has been attributed mainly to an inadequate maternal milieu (Boot & Mühlbock, 1954; Krohn, 1962; Adams, 1964 Adams, , 1970 Blaha, 1964; Talbert, 1968; Maurer & Foote, 1971) . Burrows (1940) found excessive oestrogen secretion in older rabbits and suggested a malfunction of the hypothalamus. Aschheim (1964/65) * Present address: National Institute of Environmental Health Sciences, P.O. 12233, Research Triangle Park, North Carolina 27709. 15 demonstrated that senile modifications of the rat oestrous cycle may be due to a hypothalamic change. Mandi (1959) found an increase in the size of corpora lutea due mainly to enlarged luteal cells in senile rats. Recently, Harman & Talbert (1970) and Talbert (1971) suggested that a deficiency in the corpus luteum function of C57BL/6J mice with increased maternal age caused an increase in embryonic mortality.
In this investigation, pituitary luteinizing hormone (lh), pregn-4-en-3-one (progesterone) and 20a-hydroxypregn-4-en-3-one (20a-P) changes were examined in young and ageing female rabbits and related to reproductive performance.
MATERIALS AND METHODS
Material was collected from seventeen uniparous young rabbits of 5 to 10 months of age, and twenty-two multiparous does of 3 years or older. Animals were housed and fed as described previously (Maurer & Foote, 1971) .
All does were mated naturally to males of proven fertility. Twelve days post coitum (p.c.), young and old does were anaesthetized with sodium pentobarbitone. A femoral vein was cannulated and 2000 units heparin were infused. The linea alba was surgically opened and one ovarian vein was cannulated using polyethylene tubing (PE 50). Control blood was collected for 20 min; each doe then received a single injection of 250^g nih-lh-b5 in 0-25 ml physio¬ logical saline followed by 0-50 ml saline by way of a femoral vein cannula.
Blood was collected for two additional 20-min intervals. Blood volume was maintained by infusing 5% dextrose in physiological saline at a rate comparable to blood removal. The heparinized ovarian blood was centrifuged at 3000 rev/min for 15 min. The plasma was decanted off, labelled and frozen for 2 to 6 weeks until it was analysed for progesterone and 20a-P.
The contralateral ovary was removed in each of five young and three old does for steroidogenesis analysis in vitro. The corpora lutea and Graafian follicles were removed. The interstitial tissue was proportioned into three groups : untreated unincubated control, incubated control and incubated with 12^g LH/ml of medium. Tissue was placed in 4 ml Krebs-Ringer bicarbonate buffer containing 1 mg glucose/ml and 0-6 /xCi [14C]acetate/ml. The buffer was gassed with 95% 02:5% C02 for 15 min before being placed in the flasks and again for 30 sec after receiving the respective tissue. All flasks were stoppered and those to be incubated were incubated for 4 hr at 37°C. All unincubated flasks were frozen immediately on dry ice and, 4 hr later, the incubated flasks were similarly frozen until assayed for progesterone and 20a-P.
The progesterone and 20a-P content of blood plasma and ovarian tissue samples were chromatographed three times and determined according to the methods described by Armstrong, O'Brien & Greep (1964) and Solod, Arm¬ strong & Greep (1966) . The amount of steroid in each aliquot was determined with a spectrophotometer and adjusted, using the Allen correction. Proges¬ terone and 20a-P values were corrected for recovery losses, using radioactive steroids.
Upon completion of the blood collection, each doe was killed with an over-dose of sodium pentobarbitone. The pituitary was removed, weighed and immediately frozen on dry ice. The ovarian ascorbic acid depletion method (Parlow, 1961) was used to assay the pituitaries for lh. Each pituitary was homogenized and diluted with physiological saline to concentrations of 0-4 and 1-6 mg tissue/ml. Bovine nih-lh-b5 was used as the standard with levels of 0-4, 1-6 and 6-4 µg/ml. Five Carworth CFE-strain female rats were used per level. The ovarian ascorbic acid content was determined by the 2,4 dinitrophenylhydrazine method according to Bessey, Lowry & Brock (1947) . The results were analysed statistically by the method of Finney (1952) .
The diameters of the implantation sites were measured and the developing conceptuses examined.
RESULTS
The percentage of the seventeen naturally mated young does which were pregnant, pseudopregnant and non-pregnant was 70-6, 11-8 and 17-6, respectively. Similar results for the twenty-two ageing does were 40-9, 27-3 and 31-8%, respectively. 
Pituitary LH
Results are presented in Table 3 . The group means were adjusted by the method of fitting constants before applying the analysis of variance. Overall, the ageing females had significantly heavier pituitary glands (P< 0-005) and a significantly lower pituitary lh concentration/mg wet weight (P<0-005) than younger does, but the two groups did not differ in total lh content (P>0-10). Taking the average of both age groups, pregnant does had larger pituitary glands and more total lh than non-pregnant does ( <0 5). Pituitary wet weight was correlated with the age of the doe (r = 0-66, P< 0-01), but not with the number of corpora lutea (r = 0-20, >0-10). However, the multiple correlation among doe age, number of corpora lutea and pituitary wet weight wasr = 0-82 (P<0-05).
In the ageing group, only two does had either an ovarian cyst or a diseased uterine horn. This is a lower incidence than that found by Adams (1970) who reported that in 55% of does of similar age, either one or both uterine horns diseased.
DISCUSSION
The ageing does showed a marked reduction in reproductive efficiency when compared to the young does. In the ageing group, there were 29-7% fewer preg¬ nancies and 24-7% more embryonic mortality 12 days^.t.
Steroid synthesis in vivo and in vitro
Three important events take place in the rabbit uterus during implantation : (1) mechanical spacing of the blastocysts, (2) adhesion to the endometrial epithelium, and (3) invasion of the endometrial epithelium (Boving, 1967) . These changes are partially dependent upon progesterone which, in turn, is governed by the hypothalamus by way of the pituitary and ovary. Beier, Petry & Kühnel (1970) have shown that rabbit uterine uteroglobin and ß-glycoprotein secretion rates are progesterone-dependent. Harman & Talbert (1970) and Talbert (1971) suggested that luteal function is reduced in old pregnant C57BL/6J mice. However, Finn (1963) , using a functional test, concluded that progesterone deficiency was an unlikely cause of uterine insufficiency.
In the present investigation, the ageing does had lower levels of progesterone in ovarian venous blood than the younger does (P<0-05). Initial progesterone content and synthesis during incubation with lh in vitro (Table 2) tended to be lower in ageing does, but the differences were not statistically significant. These differences in progesterone levels may have been responsible, in part, for the decreased incidence of pregnancy and increased rate of embryo mortality observed 12 days p.c. in the ageing does.
The function of rabbit corpora lutea is oestrogen-dependent (Keyes & Nalbandov, 1967) . With a decrease in the primary oocyte population as the female ages, there may have been a decrease in oestrogen synthesis. However, the number of Graafian follicles appeared to be similar in the two age groups as judged by ovulation rates (number of corpora lutea).
Interstitial tissue in vitro produced more progesterone than 20a-P in both age groups. This is contrary to earlier reports (Solod et al., 1966; Hilliard, Spies & Sawyer, 1968) . The interstitial tissue of pregnant rabbits has also been reported to contain more 20a-P than progesterone (Rathmacher & Anderson, 1971 ). The amount of lh added to the incubated tissue was higher than has previously been reported, however, and this level of lh, coupled with a decrease in 20a-hydroxysteroid dehydrogenase activity, could have caused more progesterone to be produced, since progesterone is the precursor of 20a-P. The 20a-hydroxysteroid dehydrogenase activity is reported to be lowest during the luteal phase (Wiest, 1959; Wiest, Wilcox & Kirschbaum, 1963) . Guraya (1967) 
